Introduction
============

Chronic heart failure (CHF) is one of the manifestations and the main causes of death of various cardiovascular diseases in the terminal stage ([@b1-etm-0-0-6957]). Prevention and treatment for CHF in coronary heart disease are one of the impotant research issues world-wide. The pathogenesis of CHF is very complicated, and it is considered that the cardiac overload, mainly characterized by pathological remodeling of the left ventricle, involving various factors and primarily manifested as neuroendocrinology, is the main cause of CHF ([@b2-etm-0-0-6957]). Traditional Chinese medicine has certain advantages in the treatment of CHF, such as minor side effects, improvement of symptoms, whole recuperative medical care and improvement of the patient\'s quality of life. The main components of Qishen Yiqi dropping pills are Danshen (Radix Salviae Miltiorrhizae), Huangqi (radix astragali), Sanqi (radix notoginseng) and Jiangxiang oil (Lignum Dalbergiae Odoriferae Oil), and the pills have effects of activating blood circulation, relieving pain, and promoting circulation of *qi*. Qishen Yiqi dropping pills have been proved to have certain curative effects in the treatment of CHF with few adverse reactions ([@b3-etm-0-0-6957]). However, there is still no report on the exact mechanism of CHF treatment with Qishen Yiqi dropping pills. This study aims to analyze the protective effect of Qishen Yiqi dropping pills on the myocardium of rats by establishing the rat model of CHF with Sprague-Dawley (SD) rats as subjects.

Materials and methods
=====================

### Experimental animals and grouping

A total of 60 specific-pathogen-free (SPF) SD male rats weighing 250--360 g, with an average weight of 280±15 g were purchased from Shanghai SLAC Laboratory Animal Center Co., Ltd (Shanghai, China). The rats were fed to acclimate for 1 week. They were kept in cages in the dark at 25°C with enough millet and cold boiled water. A total of 60 rats were randomly divided into the sham operation (n=20), the model (n=20) and Qishen Yiqi dropping pill treatment (n=20) groups.

The study was approved by the Ethics Committee of Zhengzhou Central Hospital Affiliated to Zhengzhou University (Zhengzhou, China).

### Main reagents

Qishen Yiqi dropping pills (Tasly Pharmaceutical Group Co., Ltd., Shanghai, China; NMPN Z20030139), hydrated chloral mixture (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) and terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) detection kit (Shanghai Ming Bo Biological Technology Co., Ltd., Shanghai, China) were used in the study. Other reagents were analytically pure and made in China.

### Main instruments

Instruments used in the study were: Clean bench (Suzhou Purification Equipment Co., Ltd., Suzhou, China), desk-type cryogenic high-speed refrigerated centrifuge (Taicang Medical Appliance Factory, Jiangsu, China), ultraviolet spectrophotometer and electrophoresis apparatus (Shanghai No. 3 Analytical Instrument Factory, Shanghai, China), BS223S type electronic balance (Sartorius Scientific Instruments Co., Ltd., Beijing, China), and iChem-530 automatic biochemical analyzer (Shenzhen ICUBIO Biotechnology Co., Ltd., Shenzhen, China).

### Establishment of the rat model of CHF

The CHF model was established via coronary artery ligation. Hydrated chloral mixture was intraperitoneally injected to anaesthetize the potruncus of rats for skin preparation, rats were connected to small animal ventilator. Τhe skin at the pulsating cardiac apex was cut to expose the heart, and the anterior descending coronary artery was cut with a 0-gauge suture. The myocardial ischemic changes for 30 min displayed in an electrocardiogram indicated a successful surgery. After the model was successfully established, the heart was quickly laid back, and the chest wall was sutured. Intramuscular injection of penicillin was conducted to prevent infection for 7 consecutive days. In the sham operation group, the left anterior descending coronary artery was only occluded with sutures but not ligated after thoracotomy. The other procedures were the same as above.

### Administration methods

On the 7th day after modeling, the treatment group was intragastrically administered with Qishen Yiqi dropping pills (0.135 g/kg) once a day for 4 consecutive weeks. The model and the sham operation groups were given the same amount of normal saline.

Observational indexes
---------------------

### Material drawing

Within 24 h after the last administration, the rats were sacrificed, the heart was isolated, the bilateral atria and right ventricle were removed, the left ventricle was taken, and some of the fresh left ventricular myocardia were taken. Part of the myocardia were applied for reverse transcription-polymerase chain reaction (RT-PCR) and western blot analysis, and part of the left ventricle tissues were fixed with 4% paraformaldehyde for histological examination.

### Histopathological detection

Myocardial tissues were taken, routinely embedded in paraffin and sectioned. In a staining jar, paraffin sections were washed with xylene and eluted with gradient alcohol. Hematoxylin and eosin (H&E) staining was performed, followed by observation under an optical microscope (Shanghai Yongke Optical Instrument Co., Ltd., Shanghai, China).

### Detection of cell apoptosis via TUNEL

Myocardial tissues were taken and routinely embedded in paraffin and sectioned. In a staining jar, paraffin sections were rinsed in xylene and eluted by using gradient alcohol. The tissues were treated with proteinase K for 15--30 min and washed with phosphate-buffered saline (PBS), followed by addition of TUNEL reaction mixture. After the glass slide was air-dried, 50 µl TUNEL reaction mixtures were added to samples for reaction in a wet box at 37°C for 1 h, followed by rinsing with PBS three times. Then 50--100 µl diaminobenzidine (DAB) substrates were added for reaction at 15--25°C for 10 min, followed by washing with PBS three times. Subsequently, the tissues were counterstained with hematoxylin, and dehydrated with gradient alcohol and made transparent with xylene, followed by mounting using neutral gums. Apoptotic cells (200--500 cells in total) were observed under an optical microscope. The apoptosis index was calculated according to apoptosis index = the number of apoptotic cells × 100%/total cell number.

### Detection of myocardial infarction area

Heart samples were taken and immediately frozen in liquid nitrogen. The samples were continuously sectioned along the long axis of the heart from the ligation point to the cardiac apex and stained with triphenyltetrazolium chloride (TTC). Through observation by naked eye, normal tissues were brick-red, and tissues in the ischemic area were gray-white. Infarction area was calculated by using image processing software. Infarction area = ischemic area/total area of the left ventricle × 100%.

### Detection of the expression levels of transforming growth factor-β1 (TGF-β1), mothers against decapentaplegic homolog 2 (Smad2), Smad3, and caspase-3 messenger ribonucleic acids (mRNAs) via RT-PCR

The total RNA was extracted from thoracic aorta tissues with TRIzol, and RT-PCR amplification was performed with RT-PCR kit (Thermo fisher, Waltham, MA, USA). Pre-denaturation at 94°C for 10 min, denaturation at 94°C for 15 sec and renaturation at 60°C for 60 sec for 45 cycles. Primer sequences: Smad2-forward: 5′-CTTGACGCAGGGACTGTCCA-3′ and Smad2-reverse: 5′-ACCTCTTTGAGCGCCACTAC-3′, with the product length of 129 bp, Smad3-forward: 5′-CTTGGTGCAGAGACTGTCA-3′ and Smad3-reverse: 5′-TTCTCTGTGATTGCCACTGC-3′, with the product length of 129 bp, caspase-3-forward: 5′-CCAACTGCAGACTGTCCAGA-3′ and caspase-3-reverse: 5′-CAGGCTCCAGAAGAAGTTGG-3′, TGF-β1-forward: 5′-TGAGTGGCTGTCTTTTGACG-3′ and TGF-β1-reverse: 5′-ACTGAAGCGAAAGCCCTGTA-3′, and β-actin-forward: 5′-GTCAGGTCATCACTATCGGCAAT-3′ and β-actin-reverse: 5′-AGAGGTCTTTACGGATGTCAACGT-3′.

### Detection of the expression levels of TGF-β1, Smad2, Smad3 and caspase-3 proteins via western blot analysis

Thoracic aorta tissues were cut up with scissors, and the total protein was extracted by using pre-cooled tissue lysates. Bradford assay was applied to determine the protein content of samples, and 12% gels were used for protein separation. Proteins on the gels were transferred onto a polyvinylidene fluoride (PVDF) membrane by using membrane transfer equipment (wet transfer) at 100 V for 1.5 h and blocked with skim milk powder for 2 h. After membrane washing, the proteins bound to TGF-β1, Smad2, Smad3 and caspase-3 monoclonal antibodies (1:1,000) overnight, followed by color development using DAB. The gel imaging and chemiluminescence analysis system were employed to collect chromogenic bands. The chemiluminescence analysis kit was purchased from Shanghai Xin Yu Biological Technology Co., Ltd. (Shanghai, China). Quantity One software (Bio-Rad Laboratories, Inc., Hercules, CA, USA) was applied for protein band data analysis.

### Statistical analysis

In statistical analysis, all data were analyzed and processed by using SPSS 18.0 (SPSS, Inc., Chicago, IL, USA). The χ^2^ test was conducted for enumeration data. Measurement data are expressed as (mean ± SD), and the t-test was performed at the same time. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Histopathological results

In the sham operation group, cardiomyocytes were stained evenly and arranged neatly and densely with clear structures. In the model group, the cell morphology was fuzzy, the myocytes were hypertrophied, the nuclear pyknosis was fragmented, the arrangement was disordered, the intercellular space was narrowed, and the cytoplasm was missing. In the Qishen Yiqi dropping pill treatment group, the cell morphology tended to be normal ([Fig. 1](#f1-etm-0-0-6957){ref-type="fig"}).

### Cell apoptosis degree

The apoptotic rates of cardiomyocytes in the sham operation, the model and the Qishen Yiqi dropping pill treatment group were 0.68±0.22%, 16.35±3.58% and 10.25±2.28%, respectively. The apoptosis rates of cardiomyocytes in the model group and the Qishen Yiqi dropping pill treatment were significantly higher than that in the sham operation group (P\<0.05), and there was a significant difference in the comparison between the model and the Qishen Yiqi dropping pill treatment group (P\<0.05) ([Fig. 2](#f2-etm-0-0-6957){ref-type="fig"}).

### Myocardial infarction area

The apoptosis rates of cardiomyocytes in the sham operation, the model, and the Qishen Yiqi dropping pill treatment group were 0.72±0.25%, 38.56±6.89% and 22.15±5.15%, respectively. The myocardial infarction areas in the model group and the Qishen Yiqi dropping pill treatment were remarkably larger than that in the sham operation group (P\<0.05), and there was an obvious difference in the comparison between the model and the Qishen Yiqi dropping pill treatment group (P\<0.05) ([Fig. 3](#f3-etm-0-0-6957){ref-type="fig"}).

### RT-PCR and western blot analysis detection results

The expression levels of TGF-β1, Smad2, Smad3, and caspase-3 mRNAs and proteins in the model group and the Qishen Yiqi dropping pill treatment group were obviously higher than those in the sham operation group (P\<0.05), and there were significant differences in the comparison between the model and the Qishen Yiqi dropping pill treatment group (P\<0.05) ([Tables I](#tI-etm-0-0-6957){ref-type="table"} and [II](#tII-etm-0-0-6957){ref-type="table"}).

Discussion
==========

Chronic heart failure (CHF) is a complex clinical syndrome of ventricular ejection or filling disorders due to structural or functional abnormalities in the heart. CHF not only has a high prevalence rate but also has a poor prognosis, and it has become one of the leading causes of death among the elderly ([@b4-etm-0-0-6957],[@b5-etm-0-0-6957]). Most scholars agree that the pathological remodeling of the left ventricle is the most important pathophysiological mechanism of the occurrence of CHF. Decreased cardiac function and left ventricular hypertrophy are the main signs of left ventricular remodeling. In current clinical treatment for CHF, β-blockers and angiotensin-converting enzyme inhibitors are used to inhibit neuroendocrine activation during heart failure generally based on the symptomatic treatments such as vasodilation, cardiac arrest and diuresis so as to delay and prevent myocardial remodeling, thereby reducing the patient\'s hospitalization and mortality rates ([@b6-etm-0-0-6957],[@b7-etm-0-0-6957]). However, in general, the overall efficacy of western medicine in the treatment of CHF is unsatisfactory.

The treatment of CHF with traditional Chinese medicine has a long history, which can alleviate the symptoms of patients, improve their quality of life, and delay the occurrence and development of CHF. In the theory of Traditional Chinese medicine, CHF has been included in the category of syndromes such as 'edema', 'thoracic obstruction', 'dyspnea with cough' and 'palpitation'. It is believed that due to multiple etiologies, the body\'s *qi*, blood, yin and yang are impaired. Zang-Fu imbalance leads to internal retention of water with extravasated blood. The pathogenesis of the disease is blood stasis, the heart-yang, water-rheum collecting internally and heart-*qi* deficiency, and its treatment is based on the principles of promoting blood circulation and collaterals and replenishing yang. Qishen Yiqi dropping pills are a traditional Chinese medicine preparation composed of Danshen, Huangqi, Jiangxiang and Sanqi, which have the functions of activating blood circulation, relieving pain and promoting circulation of *qi*. With a stable dosage form and reliable clinical efficacy, it is one of the representative drugs in the treatment of heart disease with traditional Chinese medicine ([@b8-etm-0-0-6957]--[@b10-etm-0-0-6957]).

Previous studies have revealed that Qishen Yiqi dropping pills play roles in expanding coronary blood vessels, increasing coronary sinus blood oxygen content and coronary blood flow volume, improving myocardial blood and oxygen supply, reducing myocardial oxygen consumption index, elevating cardiac stroke output and cardiac output, increasing the maximum rate of increase of left ventricular pressure, and adjusting cardiac compliance ([@b11-etm-0-0-6957],[@b12-etm-0-0-6957]). At the same time, Qishen Yiqi dropping pills can lower the platelet aggregation rate, reduce the thickness of aortic plaques, tend to reduce the area of aortic plaques, and have the effects of preventing and treating atherosclerosis and anti-lipid peroxidation ([@b13-etm-0-0-6957]). The myocardial protective effect of Qishen Yiqi dropping pills on CHF rats was investigated in this study. The results indicated that after treatment with Qishen Yiqi dropping pills, the morphology of myocardial cells tended to be normal, and the rate of apoptosis and myocardial infarction area were decreased, suggesting that Qishen Yiqi dropping pills can protect the myocardium, and its possible mechanism is to reduce the degree of myocardial cell apoptosis and inhibit the fibrosis of myocardial cells.

Increased expression level of TGF-β1 in the vascular wall can promote vascular smooth muscle cell proliferation, migration, extracellular matrix deposition, lipid accumulation in the arterial wall and inflammatory cell infiltration, and these factors are all crucial steps in myocardial cell fibrosis ([@b14-etm-0-0-6957]). As the main downstream mediators of TGF-β1, Smad2 and Smad3 play important roles in the process of myocardial fibrosis ([@b15-etm-0-0-6957]). After phosphorylation, Smad2/3 can bind to Smad4 to form a complex involved in the regulation of gene transcription, so as to promote the expression of collagens as well as the formation and progression of myocardial fibrosis. Caspase-3 is one of the important genes for apoptosis. The results of RT-PCR and western blot analysis in this study manifested that Qishen Yiqi dropping pills might improve the degree of myocardial fibrosis by suppressing the TGF-β1/Smads pathway and inhibit apoptosis of cardiomyocytes by impeding the caspase-3 signaling pathway, thus protecting the myocardium.

In summary, Qishen Yiqi dropping pills obviously protect the myocardium of CHF rats, which may improve the degree of myocardial fibrosis by impeding the TGF-β1/Smads pathway and improve cardiomyocyte apoptosis by inhibiting the caspase-3 signaling pathway, so as to play a role in protecting the myocardium. However, since traditional Chinese medicine is characterized by multiple components, multiple targets and comprehensive treatments, the conclusions of this study have to be further verified.
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![Hematoxylin and eosin (H&E) staining results of myocardial tissues in each group of rats. (A) Sham operation group, (B) model group, (C) Qishen Yiqi dropping pill treatment group.](etm-17-01-0378-g00){#f1-etm-0-0-6957}
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###### 

Comparison of the expression levels of TGF-β1, Smad2, Smad3 and caspase-3 mRNAs at different time points in each group of rats (mean ± SD, n=5).

  Groups                                TGF-β1                                                                                                 Smad2                                                                                                  Smad3                                                                                                  Caspase-3
  ------------------------------------- ------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------
  Sham operation                        1.00±0.00                                                                                              1.00±0.00                                                                                              1.00±0.00                                                                                              1.00±0.00
  Model                                 6.23±1.28^[a](#tfn1-etm-0-0-6957){ref-type="table-fn"}^                                                7.25±1.22^[a](#tfn1-etm-0-0-6957){ref-type="table-fn"}^                                                7.87±1.44^[a](#tfn1-etm-0-0-6957){ref-type="table-fn"}^                                                5.33±0.85^[a](#tfn1-etm-0-0-6957){ref-type="table-fn"}^
  Qishen Yiqi dropping pill treatment   2.53±0.85^[a](#tfn1-etm-0-0-6957){ref-type="table-fn"},[b](#tfn2-etm-0-0-6957){ref-type="table-fn"}^   4.60±0.62^[a](#tfn1-etm-0-0-6957){ref-type="table-fn"},[b](#tfn2-etm-0-0-6957){ref-type="table-fn"}^   4.46±0.55^[a](#tfn1-etm-0-0-6957){ref-type="table-fn"},[b](#tfn2-etm-0-0-6957){ref-type="table-fn"}^   2.85±0.85^[a](#tfn1-etm-0-0-6957){ref-type="table-fn"},[b](#tfn2-etm-0-0-6957){ref-type="table-fn"}^

P\<0.05 vs. sham operation group

P\<0.05 vs. model group.

###### 

Comparison of the expression levels of TGF-β1, Smad2, Smad3 and caspase-3 proteins at different time points in each group of rats (mean ± SD, n=5).

  Groups                                TGF-β1                                                                                                 Smad2                                                                                                  Smad3                                                                                                  Caspase-3
  ------------------------------------- ------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------
  Sham operation                        1.00±0.00                                                                                              1.00±0.00                                                                                              1.00±0.00                                                                                              1.00±0.00
  Model                                 5.11±0.83^[a](#tfn3-etm-0-0-6957){ref-type="table-fn"}^                                                4.39±0.83^[a](#tfn3-etm-0-0-6957){ref-type="table-fn"}^                                                5.89±0.35^[a](#tfn3-etm-0-0-6957){ref-type="table-fn"}^                                                2.83±0.51^[a](#tfn3-etm-0-0-6957){ref-type="table-fn"}^
  Qishen Yiqi dropping pill treatment   3.51±0.53^[a](#tfn3-etm-0-0-6957){ref-type="table-fn"},[b](#tfn4-etm-0-0-6957){ref-type="table-fn"}^   3.29±0.75^[a](#tfn3-etm-0-0-6957){ref-type="table-fn"},[b](#tfn4-etm-0-0-6957){ref-type="table-fn"}^   3.58±0.55^[a](#tfn3-etm-0-0-6957){ref-type="table-fn"},[b](#tfn4-etm-0-0-6957){ref-type="table-fn"}^   1.80±0.26^[a](#tfn3-etm-0-0-6957){ref-type="table-fn"},[b](#tfn4-etm-0-0-6957){ref-type="table-fn"}^

P\<0.05 vs. sham operation group

P\<0.05 vs. model group.
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